nasa-cr-1^ 6016 


( NASA -CR-1 96016) RESULTS FROM LOEF N94-35388 

EXPERIMENT A011A: THE INTERACTION 
OF ATOMIC OXYGEN WITH MATERIALS 

SURFACES AT ORBITAL ALT ITUOES Final Unclas 

Report (Alabama Univ.) 6 p 

G3/25 0012595 


FINAL REPORT 
NAG1-1228 


RESULTS FROM LDEF EXPERIMENT A0114: THE 
INTERACTION OF ATOMIC OXYGEN WITH MATERIALS 
SURFACES AT ORBITAL ALTITUDES 


Submitted by: 



^ Sfl tA— ' 


V.- 


Dr. John C. Gregory, Principal Investigator 
Surface Science Laboratories 
Materials Science Building, Room 111 
THE UNIVERSITY OF ALABAMA IN HUNTSVILLE 
Huntsville, Alabama 35899-2900 


SUBMITTED TO NASA LANGLEY RESEARCH CENTER 
LDEF PROJECT OFFICE 


JUNE 1994 



ACKNOWLEDGEMENTS 


The author wishes to thank all those who worked on experiment A01 14 or who 
helped to bring the project to its successful conclusion over the twenty year lifetime since 
its conception by Bill Kinard of Langley Research Center. Others at Langley who have 
been very helpful include Dave Carter, Bill Green, and notably, Jim Jones. At UAH 
(which provided the money to build the hardware) principal contributors include Ron 
Eakes, instrument designer, and Ganesh Raikar and Ligia Christl who have done much of 
the surface analysis. Throughout the entire period from proposal to publication of results, 
my co- investigator at Marshall Space Flight Center, Palmer Peters, has been an active 
collaborator. 

I should also like to thank Tom Parnell at Marshall who first suggested to me the 
possibilities of LDEF, and Chuck Lundquist, who provided some research support during 
the lean years of the project. 



The Interaction of Atomic Oxygen with Materials Surfaces 

at Orbital Altitudes 

LDEF Experiment A0114 

In 1975 the University of Alabama in Huntsville proposed an experiment for the 
Long Duration Exposure Facility to NASA, Langley Research Center. The experiment, 
entirely passive, was designed to investigate the effects of the collision of the ambient 
orbital atmosphere (mainly consisting of atomic oxygen) with satellite surfaces travelling at 
about 8 km per second. The active chemical nature of the upper atmosphere was, of 
course, well-known at this time, and indeed the reaction with silver-plated articles on 
Skylab had been noticed in the early 1970’s. However, the possibilities of important 
changes in the properties of materials exposed on satellites in low Earth orbit did not attract 
the serious attention of engineers and designers until 1981 and years following, after the 
STS had flown a few times. In 1976, the UAH proposal entitled “The Interaction of 
Atomic Oxygen with Materials Surfaces at Orbital Altitudes” was accepted for flight by 
NASA under the condition that the experimental hardware and support be provided at no 
cost. The UAH instrument, designated A01 14, was built at a cost of $5,000 and delivered 
to NASA a few years later. 

In 1989, the last year of the six-year LDEF flight, the potential for recovery of 
significant data from A01 14 on a \yide variety of materials was recognized by Code R and 
LaRC, and funding for three years of data analysis was appropriated. This analysis has 
resulted in 16 conference publications. These papers are being followed by refereed 
articles in the archival journals where appropriate. A listing of these articles is attached, 
and copies may be obtained from our laboratory on request. 

Some of the significant or unique findings from the experiment A01 14 include: 

• Numerous first-time measurements of oxidation rates of surfaces under fast O atom 
bombardment, including Si, Ge, GaAs, SiC and optical quality metal films. 

• Definitive measurement of the stable attitude of the LDEF spacecraft in orbit using 
the gas dynamics pinhole camera. 

• Description of the formation of thick oxide films on copper at 20°C with fast 
oxygen. 

• Measurement of erosion rates of Kapton™ and other polymers at Space Station 
lifetime atomic oxygen fluences (10 22 atoms cm -2 ) 

• First measurement of the cosmogenic isotopes Be-7 on spacecraft surfaces. 
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